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DETERMINATION OF THE SATURATED VAPOR PRESSURE OF NIOBIUM DIOXIDE 

S.A.  Shchukarev, G.A. Semenov, and K.Ye. Frantseva 
(Presented by Academician A.N. Terenin, March 3,1962) 

ABSTRACT 

The vapor pressure of niobium dioxide is determined using 

the Knudsen effusion method. The cylindrical effusion chamber and 

the associated apparatus are described. The computed dissociation 

energy of NbO is 14.9 * -1volts. 2 

* 
One study (Ref 1) has measured the vapor pressure of niobium dioxide./ll9 

The authors of this study employed the effusion method of Knudsen and obtained 

several values for the vapor pressure in the 1489-1905' K temperature range. 

It was found in other studies (Ref 2, 3) that Nb02 has significant vol- 

atility at 1650-1700°, and at 1850-1900° the vaporization rate of this oxide 

is quite large. We have previously reported (Ref 4 )  on the vaporization of 

NbO by the mass-spectrometer method. The vapor composition above niobium 

dioxide, when it was vaporized from an open surface, was found in this case, 

2 

and it was determined that N b O  

temperature dependence of ion currents, we were able to compute the sublhation 

heat of Nb02, equaling 142 5 3 kcal/mole, for a 1500-1880° K temperature range. 

vaporizes without dissociating. By measuring the 2 

In this study we have measured the vapor pressure of niobium dioxide by the 

Knudsen effusion method, employing a differential variation of the method which 

is similar, for example, to that described in (Ref 5,6). A cylindrical, 

* 
Note: Numbers in the margin indicate pagination in the original foreign 

text. 



ef fus ion  chamber was made of forged molybdenum (Figure 1). 

main body (1) and t h e  cover (2) with an ef fus ion  opening whose diameter was 

0.308 mm. The r a t i o  between t h e  surface of t he  substance being v o l a t i l i z e d  and 

t h e  sur face  of t he  e f fus ion  opening was 500:1, 

p a r t  of t h e  m a i n  body; a thermocouple (33, which was made of tungsten-rhenium 

a l loys  containing 5 and 20 percent rhenium (Ref, 7), was attached t o  the  opening 

by t h e  screw (4). 

class, op t i ca l  pyrometer i n  t h e  High Temperature Laboratory of t h e  Mendeleyev All- 

Union S c i e n t i f i c  wear& I n s t i t u t e  of Meteorology. The teplperature w a s  a l so  

It consisted of t h e  

There w a s  an opening i n  t h e  lower 

The therocouple w a s  ca l ibra ted  by the  readings of t he  f i r s t -  

measured by t h e  pyrometer, which w a s  focused on the  junct ion of t he  thenaocopule 

through a narrow channel which passdthrough t h e  lower por t ion  

body of t he  chamber, and which w a s  t es ted  i n  t h e  laboratory of t h e  same insti- 

t u t e  by using a second-class temperature lamp. 

by e l ec t ron  bombardment, 

a n d t h e  high voltage made i t  possible  t o  keep t h e  chamber temperature s u f f i c i e n t l y  

of t h e  m a i n  

The ef fus ion  chamber was heated 

The current s t a b i l i z a t i o n  of t h e  cathode emission 

constant m0).  
and by a w a t e r  jacket. 

by l i q u i d  ni t rogen and which could be replaced by m e a n s  of a magnetic plunger. 

The all-metal effusion device made it possible  t o  obta in  a vacuum on t he  order 

of 1 nun Hg at an operat ional  chamber temperature of 2100° K. 

The ef fus ion  chamber w a s  covered by t a n t a l i c  rad ia t ion  screens 

The sublimate w a s  condensed on t a r g e t s  which w e r e  cooled 

95 
A pentoxide, which was tagged with the  radioact ive isotope Nb , w a s  used 

as t h e  o r ig ina l  preparation f o r  obtaining the niobium dicrnri.de. According t o  

da ta  derived from spectroanalysis ,  it contained 0.24 percent admixtures. Nio- 

biumpentoxide w a s  reduced t o  Nb02 with hydrogen a t  a temperature of 1000° f o r  

th ree  hours. The composition of t he  product obtained w a s  Nb02,008, as w a s  

2 
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Figure 1 

Effusion Chamber 

(1) - main body; (2) - cover; (3) - thermocouple; 
(4) - s c r e w  f o r  attaching thermocouple 

determined by the  weight increase during calcinat ion.  The X-ray photo- /120 

graph of the  sample corresponded t o  data ix~ the  l i t e r a t u r e  (Ref. 8). 

By i n i t i a l l y  measuring t h e  silvervapor pressure and by obtaining results 

which did not d i f f e r  by more than 10 percent from those given i n  the l i t e r a t u r e  

(Ref. 9) ,  w e  w e r e  then ab le  t o  measure the vapor pressure of MbO2. 

obtained are presented graphically i n  t h e  form of t h e  line 1 (Figure 2), which 

is  described by the  following equation: 

The r e s u l t s  

SgP= - - 30300 + 12,42 MM. T 

The sublimation heat  of Nb02, computed from the  inc l ina t ion  of the  l i n e  1, 

equaled 138 T 2 kcal/mole. The l i n e  2 represents da ta  from the  work (Ref. 1). 

The sublimation heat which w e  computed from the inc l ina t ion  of t h i s  l i n e  com- 

pr ised 37.5 kcal/mole, Obviously, t h i s  quant i ty  is erroneous. Table 1 

3 
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TABLE 1 

VAPOR PRESSURE AND THEl4iODYNAHIC FT3NCTIONS OF NIOBI?JM DIOXIDF 

NO 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  

- 

M 
0 

- 
1938 
1948 
1978 

gaseous 
cal/mole . degree I s o l i d  I cal/mole . degree 

I 

30.25 1.19 
30.31 1.18 
30.48 1.16 
30.48 1.16 
30.56 1.16 
30.63 1.15 
30.77 1.13 

2037 3.22.10-3 30.81 1.13 
2081 7.55.10-3 31.05 1.11 
2122 1.12.10-4 31.33 1.08 

r-lgP 

29.05 75.45 
29.13 75.53 
29.32 75.76 
29.32 75.76 
29.40 75.84 
29.48 75.93 
29.64 76.07 
29.68 76.11 
29.94 76.35 
30.25 76.58 

1-41  
1.40 
1.38 
1.38 
1.37 
1.36 
1.34 
1.34 
1.31 
1.29 

0 0  

T 
FT-Ho - 
- 
74.04 
74.13 
74.38 
74.38 
74.47 
74.57 
74.73 
74.77 
75.04 
75.29 

-A@* 

44.38 
45.00 
45.06 
45.06 
45.07 
45.09 
45.09 
45.09 
45.10 
45.04 

Figure 2 

Vapor Pressure of Niobirrm Dioxide 
(1) - experimental data; (2) da ta  of Golubtsov, et al. (Ref .  1) 

4 0 1  
P-4 

2 ;  
1 

- 4  
to (d 
m o  4 s  

141.3 
140.7 
140.5 
141.7 
141.7 
141.2 
141.5 
141.9 
141.4 
142.5 

presents  d a t a  which are r e q u i s i t e  f o r  computing the sublimation enthalpy of 

bH81Nb021. 

l imat ion of Nb02, w e  employed da ta  regarding t h e  temperature dependence of 

t h e  funct ion of - 
(Ref. 10,111 and gaseous (Ref. 12) B O 2 .  

4 

I n  order  t o  compute the change i n  Gibbs free energy A@* during sub- 

F;- -H& 
and the  enthalpy d i f fe rence  Hgg~ - H8 f o r  condensed T 

By knowing A@*, by m e a n s  of equation 



/121 A H : = - R T  In P - A W T  - 
0 w e  w e r e  able t o  obtain the  strmblimation heat AH0 = 1 4 1 T  0.4 kcalfmole. By 

taking the following quant i t ies  from sources i n  the  l i t e r a t u r e :  heat of forma- 

t ion &i$gs = - 191.7 kcal/mole (Ref. 13) ,  an enthalpy difference 

H998 - 
t i o n  he& of netalic wb AB0 0 (Ref, 14) and the  

atomization heat of oxygen AHo = 118.0 kcal/mole (Ref. 15),  w e  w e r e  able t o  

%/mole (Ref. 10) f o r  condensed Nb02, as w e l l  as the  sublima- 

= 171-8 kcaLJgttaPI-atoa 

0 

compute the  dissociat ion energy of a 

equal 14.9 T T  0.1 electron vo l t s .  

A.A. Zhdanov Leningrad State Univers 

gaseous molecule of Nb02, which w a s  found t o  

t Y  Received February 27, 1962 
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